Obstructive sleep apnoea is a disorder characterised by recurrent sleep-induced collapse of the pharyngeal airway.' The principal sequel, hypersomnolence (or sleepiness during the day), results from the repeated arousals required to reopen the airway and resume breathing and thus poor sleep quality during the night in these patients.2 The recurrent hypoxaemia and hypercapnia which characterise sleep apnoea may also lead to both pulmonary' and systemic hypertension,4 cardiac arrhythmias,5 and possibly decreased survival.6 As a result, this disorder can impact on the health and wellbeing ofthe afflicted individual. This review will address the pathophysiology of this disorder with the principal focus being the mechanisms that lead to pharyngeal collapse during sleep. No attempt will be made to address exhaustively every possible hypothesis regarding this sleep-induced airway event. However, prominent theories will be discussed. In addition, a somewhat briefer discussion on the mechanisms of apnoea termination will be included. Although respiratory effort generally continues, the obstructed (or largely obstructed) pharyngeal airway prevents effective ventilation producing either apnoea (total respiratory cessation) or hypopnoea (a substantial reduction in ventilation). In either case, hypoxia and hypercapnia quickly develop necessitating arousal to re-establish airway patency and normal ventilation.7 The location of this obstruction is virtually always between the choanae and the epiglottis, generally either behind the uvula and soft palate (the velopharynx), or behind the tongue (the oropharynx), or some combination of the two.8 Rare reports of collapse of the airway at the level of the epiglottis have emerged,9 but this is probably unusual.
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PHARYNGEAL ANATOMY
To understand the sleep-induced collapse of the airway which characterises sleep apnoea, some knowledge ofthe anatomy and physiology of this region of the airway is required. The vulnerable segment between the choanae and epiglottis (fig 1) in man lacks substantial bony or rigid support. This is particularly true of the anterior and lateral pharyngeal walls. Thus, the patency of this segment of the airway is largely dependent on the activity ofvarious pharyngeal dilator muscles.'0 As long as these muscles are sufficiently active, patency of the airway is maintained. However, loss of muscle activity in some or all of these muscles could diminish the size of the airway or lead to complete collapse. Thus, an important relationship exists in man between the anatomy of the pharyngeal airway and the dilator muscles controlling the size of the airway lumen, a relationship that is likely to vary between subjects. An individual with an anatomically large pharyngeal airway may be minimally dependent on dilator muscle activity with decrements in such activity leading to only small increments in pharyngeal airway resistance." On the other hand, an individual with an anatomically small airway may require substantial pharyngeal dilator muscle activity Series editor: P M A Calverley Denver Veterans to maintain patency.'2 In this individual a small decrement in muscle function may lead to large increases in airways resistance or complete collapse of the airway. Thus, the anatomy of the individual pharyngeal airway is likely to be important.
Why one individual has an anatomically large pharyngeal airway and another individual a small one is poorly understood. However, airway size is affected by a number of variables. Firstly, obesity influences the anatomy of the upper airway as weight gain commonly leads to increasing airways resistance. Whether this is a product of direct fat deposition around the pharyngeal airway or relates to less obvious events remains unexplained. However, the relation between obesity and size of the airway seems clear. ' One would have to conclude, therefore, that sleep-induced decrements in the firing frequency of non-phasic central respiratory neurons leads to decrements in the activity of important pharyngeal dilator muscles (such as the tensor palatini) which, in turn, leads to decreased patency of the airway or rising airway resistance even in otherwise completely normal individuals as they sleep.
Patients with obstructive apnoea To understand how sleep influences pharyngeal muscle function in patients with obstructive sleep apnoea one must first understand the pharyngeal anatomy of the patient with apnoea and how this anatomy influences waking muscle function.
It seems clear from several studies using a number of different imaging techniques that the lumen of the pharyngeal airway of patients with obstructive apnoea, even during wakefulness, is anatomically small. Investigators have used computed tomographic scanning,29 acoustic reflection,30 and the measurement of airway resistance,3' all with the same result; the patient with obstructive apnoea has a structurally small airway. Why the airway is small may vary from one patient to the next. In some cases this may be due to fat deposition in the neck and thus the problem is associated with obesity. In others the mandible may be small (micrognathia) yielding reduced upper airway size. In still others tonsillar hypertrophy may render the airway small. Thus, a common vari-6 able in virtually all patients with obstructive apnoea is a structurally small pharyngeal air space.
As stated previously, the activity of the pharyngeal dilator muscles is, during wakefulness, tightly controlled in an attempt to maintain airway patency. This activity is primarily driven by negative pressure reflex responses of the Y airway,2223 although other neural mechanisms 0 may also be active (fig 5) . In the apnoea patient -e with an anatomically small airway (as described e above) these reflexes are activated during waked fulness leading to augmented dilator muscle d activity in an attempt to overcome the anag tomical limitation.'2 This phenomenon has Lt been shown in the genioglossus muscle (fig 8) . It should be stated that there is not complete uniformity ofopinion regarding the mechanism of airway collapse in patients with obstructive sleep apnoea. Although most investigators would agree that patients with apnoea generally have an anatomically small pharyngeal airway and that airway collapse is associated with a sleep-induced decrement in pharyngeal dilator muscle activity, the explanation for changing levels of muscle function during sleep is controversial. Some would argue that the waxing and waning ofmuscle activity that characterises sleep apnoea is more a product of instability of that is similar within, but different between, the two subjects. Printed with permission from Gleeson et al. 48 intrinsic ventilatory control than purely the effect of sleep on muscle activity in an individual with a small airway.36 These investigators would argue that this instability in the basic mechanisms that normally control ventilation leads to a waxing and waning of muscle activity and that apnoea occurs when pharyngeal dilator muscle activity is low and diaphragmatic activity relatively high. Thus, pharyngeal muscle function does not adequately compensate for the negative pressure in the airway (driven by the diaphragm) and the upper airway collapses.
Others would suggest that sleep-induced collapse of the airways may be more a product of poor coordination of diaphragmatic versus upper airway muscle activity during sleep than a real loss of upper airway muscle function. 37 These studies suggest that delayed activation of upper airway muscles in the patient with apnoea may lead to substantial negative pressure when the pharyngeal muscles (compared with the diaphragm) are relatively inactive and thus the airway is collapsible. Whether this represents a primary defect in muscle control in the patient with apnoea or a secondary phenomenon resulting from the apnoea itself is unclear at this time. 37 Finally, there is some evidence that changing muscle activity alone is not How increasing ventilatory effort leads to arousal has not been directly studied. However, one could speculate that this arousal is a result of one of two mechanisms. Firstly, increasing afferent neural input from respiratory muscles or pressure-sensitive airway receptors could directly stimulate the reticular activating system thereby arousing the individual (fig 12A) . Alternatively, the augmented output from the central respiratory neurons that mediate the increasing ventilatory effort during apnoea could synapse directly with the reticular activating system yielding arousal when their firing frequency or output is sufficiently high (fig 12B) . Therefore, once central respiratory neuronal output (which is driven by the developing hypoxia, hypercapnia, etc) reaches a threshold level, arousal will occur because of direct connections between these respiratory neurons and the reticular activating system. Either hypothesis could be correct with considerable further investigation being required to sort this out. However, the link between increasing ventilatory effort and arousal from sleep seems clear. The author would like to thank Susan Y Hansen for secretarial assistance in the production of this manuscript.
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